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Objective: To analyse the prevalence of phantom (limb) pain over time and to
analyse factors associated with phantom (limb) pain in a prospective cohort of
amputees.
Design: A multicentre longitudinal study.
Patients: One hundred and thirty-four patients scheduled for amputation were
included.
Methods: Patients filled in questionnaires before amputation, and postal
questionnaires six months, 1½ years and 2½ years to a maximum of 3½ years
after amputation. Preoperative assessment included patients’ characteristics, date,
side and level of, and reason for amputation. The follow-up questionnaires
assessed the frequencies of the experienced phantom pain, prosthetic use and
walking distance. The occurrence of phantom pain was defined as phantom pain a
few times a day or more frequently.
Results: Pre- and postoperative questionnaires were available filled in by 85 ampu-
tees (33 females and 52 males). The percentage of lower limb amputees with
phantom pain was the highest at six months after amputation, and of upper limb
amputees at 1½ years. In general, more women than men experienced phantom
pain. One and a half years and 2½ years after amputation the highest percentages
of the lower limb amputees used their prosthesis more than 4 hours a day (66%),
after that time this percentage decreased to 60%. The results of the two-level
logistic regression analysis to predict phantom pain show that phantom pain was
less frequently present in men (odds ratio (OR)¼ 0.12), in lower limb amputees
(OR¼ 0.14) and that it decreased in due course (OR¼ 0.53 for 1 year).
Conclusion: Protective factors for phantom pain are: being male, having a lower
limb amputation and the time elapsed since amputation.
Introduction
Phantom (limb) pain is a common problem after a
limb amputation. The prevalence rate of phantom
pain for all limb amputees varies considerably
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(41–85%).1–5 This wide range may be ascribed to
differences in study populations, in the place of
amputation (upper or lower limb), in the research
design (prospective, retrospective or cross-
sectional) and in the method of assessment
(interview or questionnaire), to a lack of a clear
definition of phantom pain, or it may be ascribed
to differences in cut-off points for phantom
pain.1,4,6–9 Generally, it is assumed that phantom
pain decreases slightly over time. However, the
prevalence rate remains more or less constant,
but the duration and frequencies of phantom
pain attacks decrease.4,5,7,10–13 Numerous factors
have been associated with the development of
phantom pain, including age, reason for amputa-
tion, pain prior to amputation, time elapsed since
amputation, presence of phantom limb sensations
or stump pain, dominance of the amputated upper
limb and prosthetic use.1,3,4,8,10,12,14
The association between phantom pain and
prosthetic use is especially important from a reha-
bilitation perspective. With less frequent and less
intense phantom pain and more prosthetic use
amputees will regain as much independence in
daily activities and mobility as possible and
hence, will achieve a more successful functional
outcome after amputation. The explanation of
the association between phantom pain and pros-
thetic use, however, remains controversial and it is
still unclear whether the experiencing of phantom
pain is influenced by prosthetic use or vice versa.
The cause–effect relationship between the afore-
mentioned risk factors and phantom pain remains
unclear. Much of what is known up till now has
been obtained from cross-sectional studies in
which subjects were studied for several years
after their amputation. Until now only few longi-
tudinal studies have been published in which the
different risk factors for developing phantom pain
have been studied. Those studies, however, had
relatively small population samples and the
long-term follow-up seldom exceeded one
year.10,12,15–18
The aim of this study was to analyse the preva-
lence of phantom (limb) pain over time and to
analyse factors associated with phantom (limb)
pain, viz. age, sex, place of amputation (upper or
lower limb), reason for amputation, level of ampu-
tation, time elapsed since amputation, prosthetic
use and the ability to walk a certain distance
(abbreviation ‘walking distance’), in a prospective
cohort of limb amputees.
Methods
Between 1 November 2003 and 1 May 2007,
patients scheduled for a limb amputation because
of either a peripheral vascular disease with or
without diabetes mellitus, an ulcer, an infection,
cancer, a trauma or a complex regional pain syn-
drome (CRPS I) were asked to participate in this
prospective multicentre study on phantom limb
pain. One university hospital and five general hos-
pitals in the northern Netherlands participated in
the study. The medical staff of the participating
hospitals informed the primary investigator (JB)
about potential participants. After being informed
about the study by the medical staff and after
having agreed to participate in the study, the
patients were approached by the primary investi-
gator and the study goals and study design were
explained to them. Inclusion criteria were (1) age
18 years, (2) ability to read and write Dutch, and
(3) an amputation level through the metacarpal or
metatarsal phalangeal joints or more proximal.
Patients were excluded if (1) they had had a pre-
vious ipsilateral amputation, (2) they showed signs
of clinical dementia to such an extent that they
could not be expected to fill in the questionnaires
reliably, (3) they were too ill to be able to fill in the
questionnaires or (4) the time interval between
their amputation and inclusion exceeded five days.
After patients gave their written informed con-
sent, they filled in questionnaires before or within
five days (T0) after amputation. Patients agreed to
fill in follow-up questionnaires at the following
intervals: six months (T1), 1½ years (T2), 2½
years (T3) to a maximum of 3½ years (T4) after
amputation. To motivate amputees to continue
participation during the follow-up, they were con-
tacted by telephone (JB) before being sent the
follow-up questionnaires. If amputees were still
willing to participate, the questionnaires were
posted to them, with a post-free self-addressed
envelope. Amputees were asked to fill in the ques-
tionnaires regardless of the presence or absence of
phantom pain, and regardless of whether they had
a prosthesis or of their ability to walk.
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Patients were asked to complete either the
Groningen Questionnaire Problems after Leg
Amputation (GQPLA)4,9,19 or, in case of an
upper limb amputation, the Groningen
Questionnaire Problems after Arm Amputation
(GQPAA).3 To distinguish phantom pain from
other phenomena, phantom limb pain was defined
as any painful sensation perceived in the missing
part of the limb after amputation.20 Phantom
limb sensations were defined as any non-painful
sensation in the missing part of the limb, such as
sensations of the missing part of the limb being in a
certain position, of something touching, of warmth
or cold, or of movements of the missing part of the
limb. Stump pain was defined as any painful sensa-
tion in the stump, the remaining part of the limb.3
The preoperative assessment included patients’
characteristics (date of birth, sex) and date, side
and level of, and reason for amputation. The
follow-up GQPLA assessed the frequencies of
the experienced phantom limb pain (always, a
few times an hour, a few times a day, a few
times a week, a few times a month, a few times a
year, never), having a prosthesis (yes/no), pros-
thetic use (time of use: 8 hours daily, 4–8 hours
daily,54 hours daily, not daily but . . . days a week,
never) and walking distance with the prosthesis
(1km, 500m to51 km, 100 to5500m,5100m).
The GQPAA asked the same questions, walking
distance excepted, with a few added questions
about the type of prosthesis (cosmetic, mechanical,
myoelectrical).
The last follow-up date was 30 April 2008,
meaning that the duration of the follow-up was
not the same for all patients.
The study protocol was approved by the
medical ethical committees of all hospitals
participating.
Data entry
Before entering the data from the question-
naires, the medical information provided by
patients was verified in the medical records and,
if necessary, corrected.
The reason for amputation was categorized into
peripheral vascular disease (with or without diabe-
tes mellitus, an ulcer, an infection), cancer or
trauma (trauma and/or CRPS I). Trauma and
CRPS I were grouped in one category for two
reasons: because in most cases CRPS I was
induced by trauma and to generate a group of
patients with sufficient number of amputations.
Lower limb amputations were categorized into
distal (transtibial, ankle or foot), knee disarticula-
tion or proximal (pelvis, hip or transfemoral).
Upper limb amputations were categorized into
distal (forearm or wrist) or proximal (forequarter,
shoulder or upper arm); no elbow disarticulations
were performed.
In case of a second amputation of the same
extremity during the study period, the level of
the last amputation was used for statistical analy-
ses. In case of a bilateral lower limb amputation
during the study period, the side of the first ampu-
tation was entered in the database. If the first
amputation of the bilateral amputation was per-
formed before the study was started, then the
latest amputation was entered in the database.
If an amputee died or dropped out during the
follow-up, this was recorded.
The answers to the questions were entered in the
database and checked for correct data entry. Data
were processed anonymously.
Phantom pain was dichotomized as present in
cases where an amputee suffered from phantom
pain a few times a day or more frequently, and
as absent in cases where phantom pain was expe-
rienced a few times a week or less frequently.
Prosthetic use was dichotomized as prosthetic
use 4 hours per day against prosthetic use
54 hours per day. Walking distance (in case of a
lower limb amputation) was dichotomized as
walking distance 500m against walking distance
5500m.
Statistics
Statistical analyses were performed using SPSS
version 16.0 for Windows (SPSS Inc., Chicago, IL,
USA).
Differences in characteristics between included
patients on the one hand and drop-out patients
and excluded patients on the other were analysed
using t-tests for independent samples and 2 tests
as appropriate. A two-level logistic regression
was performed in ML Win 2.02. Patients were
the highest level, and time was the lowest level.
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The dependent factor was presence of phantom
pain and as possible predictors were entered age,
sex, upper or lower limb amputation, reason for
amputation, level of amputation, prosthetic use
and walking distance. Categorical variables
were entered as dummy variables. Random and
fixed effects were taken into consideration.
Independent variables remained in the regression
equation when the beta-values were significant.
P-values 0.05 were considered to be significant.
Possible interactions between significant variables
were explored. Data regarding amputees who
filled in a pre-amputation questionnaire but who
died or dropped out in the first six months after
amputation were excluded from the analyses
because no data on the occurrence of phantom
pain were available.
Results
In total, 225 patients scheduled for a limb ampu-
tation were referred to this study. One hundred
and thirty-four patients (120 lower limb and
14 upper limb amputations) fulfilled the inclusion
criteria and filled in the first questionnaire (preop-
erative assessment). Seventy-five referred patients
were excluded because they did not meet the inclu-
sion criteria (one patient was younger than
18 years, 2 patients did not speak and read
Dutch, 7 had had a previous ipsilateral amputa-
tion, 46 were too ill or had signs of a clinical
dementia and 19 were referred more than five
days after their amputation) or did not want to
participate (n¼ 16). Six months after amputation
37% (49 out of 134) amputees were lost to the
follow-up because they died (n¼ 23) or dropped
out (n¼ 26). Reasons for dropping out were
‘being too ill or showing signs of dementia’
(n¼ 12), ‘refusing to participate any longer’
(n¼ 6), ‘non-responding’ (n¼ 8). Hence, 85 ampu-
tees filled in two or more questionnaires (a preop-
erative assessment and at least one postoperative
assessment) (Figure 1), resulting in a total of 292
questionnaires available for analysis. One patient
dropped out 1½ years after amputation because of
‘unknown place of residence’.
Characteristics, reason for and level of amputa-
tion and the proportions of upper and lower limb
amputees included and, on the other hand, of those
who were excluded and/or dropped out after inclu-
sion (within six months after amputation) are
summarized in Table 1. The amputees who were
excluded and/or dropped out were significantly
older (P50.001) and underwent amputations
because of peripheral vascular disease (P¼ 0.009)
significantly more often than those who were
included in the analyses. No significant difference
was found in sex and level of amputation between
the amputees included in the analyses and those
excluded from the analyses and/or drop-outs.
In total, 12 of the 14 patients with an upper limb
amputation filled in two or more questionnaires
(a preoperative assessment and at least one post-
operative assessment). Table 2 shows the charac-
teristics of the 73 lower limb and 12 upper limb
amputees. None of the upper limb amputees had a
brachial plexus injury.
Table 3 shows that the percentages of lower
limb amputees with phantom pain decreased in
the course of time from 32% at six months after
amputation to 27% (1½ years), 23% (2½ years)
to 27% at 3½ years after amputation, respectively.
In contrast, more upper limb amputees suffered
phantom pain in the course of time, but the
sample is small. As to prosthetic use, upper limb
amputees rarely used their prosthesis 4 hours a
day. One and a half years and 2½ years after
amputation (T2þT3) the highest percentage
of lower limb amputees used their prosthesis
4 hours a day (66%), but in the course of time
this percentage decreased to 60%.
The proportions of limb amputees, female and
male, who suffer from phantom pain over time are
illustrated in Figure 2.
The results of the two-level regression analysis
to predict phantom pain (a few times a day or
more frequently against a few times a week or
less frequently) are summarized in Table 4. Being
male, having a lower limb amputation as well as
the time elapsed since amputation, these factors all
had a significant protective effect on the frequency
of phantom pain.
Discussion
In this prospective study it appeared that the
chance of having phantom (limb) pain was less
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Not meeting inclusion criteria (n=75)
Refused to participate (n=16)
Preoperative assessment (T0)







Postoperative assessment T1 (n=85)
Postoperative assessment T2 (n=62)
Postoperative assessment T3 (n=42)
Postoperative assessment T4 (n=18)
End of follow-up (n=20)
End of follow-up (n=20)
End of follow-up (n=23)
Figure 1 Flow diagram of patients referred.








Significance of the difference
between included in the
analyses and drop-outsþ
excluded from study
n (%) 85 (38%) 140 (62%)
Mean age at amputation, years 58.2 (SD 17.4) 67.1 (SD 16.0) P50.001
8.9 (95% CI 4.4–13.4)a
Patients 2 P¼ 0.861
Female 33 (39%) 56 (40%)
Male 52 (61%) 84 (60%)
Reason for amputation P50.001
PVD 50 (59%) 113 (80%)
Cancer 12 (14%) 15 (11%)
Trauma 23 (27%) 12 (9%)
Level of amputation 2 P¼ 0.503
Proximal 25 (29%) 51 (36%)
KD 14 (17%) 18 (13%)
Distal 46 (54%) 71 (51%)
Amputation 2 P50.001
Upper limb 12 (14%) 2 (1%)
Lower limb 73 (86%) 138 (99%)
Bilateral amputation 4 (5%) 0 (0%)
aMean difference (95% confidence interval).
PVD, peripheral vascular disease; KD, knee disarticulation.
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in men than in women, less in lower limb amputees
than in upper limb amputees, and the chance of
having phantom pain decreased over time. Other
risk factors (e.g. age, reason for or level of ampu-
tation, prosthetic use and, in the case of lower limb
amputees, walking distance) were not associated
with having phantom pain.1,4,8,10
Differences between women and men in the way
they perceive and experience pain, are well
known.21–23 Women seem to be more willing to
report pain whereas men under-report pain,
women are more willing to seek health care than
men, and the burden of pain and the frequency of
pain attacks in women are greater.21,23 Biological
as well as psychosocial differences have been
found to explain sex differences in pain experience,
such as differences in body size and skin thickness,
hormonal differences and differences in nervous
system organization. Furthermore, men and
women seem to use different coping styles when
in pain, which might explain the differences in pain
sensitivity.22,23 These sex differences in pain
experiences can also be expected in limb amputees.
This expectation was not always confirmed in
previous research on phantom pain.3,4,10,15,24 In
contrast, other studies found that more females
than males experienced phantom pain, or that
women reported a higher phantom pain intensity
than men, but no reason was given.25,26 Our find-
ing that more women than men reported phantom
pain might be related to differences in answering
tendencies.
In the literature, the estimation of the preva-
lence rate of phantom pain for all limb amputees
ranges considerably: between 41% and 85%.1–4 In
general, upper limb amputees show a lower
Table 2 Characteristics of the 73 lower limb and 12 upper








Female 26 (36%) 7 (58%)
Male 47 (64%) 5 (42%)
Mean age at amputation, 59.8 (SD 16.5) 48.5 (SD 20.43)
years
Reason for amputation
PVD 48 (66%) 2 (17%)
Cancer 11 (15%) 1 (8%)
Trauma 14 (19%) 9 (75%)
Level of amputation
Proximal 20 (27%) 7 (58%)
KD 15 (21%)
Distal 38 (52%) 5 (42%)
PVD, peripheral vascular disease; KD, knee disarticulation.
Table 3 Description of the numbers and percentages (95% CI) of all amputees as well as a division into lower limb and upper
limb amputation included in the analyses concerning phantom limb pain and prosthetic use at T1 (six months), T2 (1½ years),
T3 (2½ years) and T4 (3½ years) after amputation, respectively
Ti T2 T3 T4
All amputees – available number (n) n¼85a n¼ 62b n¼ 42 n¼ 18
Phantom (limb) pain 29 (35%) 21 (35%) 12 (29%) 6 (33%)
95% CI (25–45) (24–48) (17–44) (16–56)
Prosthetic use  4h/day 37 (44%) 37 (60%) 23 (55%) 9 (50%)
95% CI (23–46) (47–71) (40–69) (29–71)
Lower-limb amputees – available number (n) n¼73a n¼ 53h n¼ 35 n¼ 15
Phantom (limb) pain 23 (32%) 14 (27%) 8 (23%) 4 (27%)
95% CI (22–43) (17–41) (12–39) (11–52)
Prosthetic use  4h/day 36 (49%) 35 (66%) 23 (66%) 9 (60%)
95% CI (38–61) (53–77) (49–79) (36–80)
Upper-limb amputees – available number (n) n¼ 12 n¼ 9 n¼ 1 n¼ 3
Phantom (limb) pain 6 (50%) 7 (78%) 4 (57%) 2 (67%)
95% CI (25–75) (45–94) (25–84) (21–94)
Prosthetic use  4h/day 1 (8%) 2 (22%) 0 (0%) 0 (0%)
95% CI (1–35) (6–55) (0–35) (0–56)
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prevalence rate (41–59%, with one finding of 82%
in 1982) than lower limb amputees (53–85%).
Those rates are from cross-sectional studies in
which the time elapsed since amputation varied
widely, from 3 to more than 15 years. In the
only prospective study on upper limb amputees
performed until now, the prevalence rates of phan-
tom pain between the initial and the follow-up
Table 4 Results of the two-level regression analysis to predict phantom pain (a few times a day or more frequently against a
few times a week or less frequently)
b SE b OR 95% CI
Sex (0¼ female. 1¼male) 2.085 0.697 0.124 0.032 to 0.487
Extremity (0¼ upper limb. 1¼ lower limb) 1.953 0.932 0.142 0.023 to 0.881
Time since amputation (years) 0.645 0.218 0.525 0.342 to 0.804
Constant 2.808 1.002 16.577 2.326 to 118.146
b, regression coefficient; SE b, standard error of b; OR, odds ratio; 95% CI, 95% confidence interval.
The results of the logistic regression analysis enable calculation of the chance rate (P) of having phantom pain. Using the
following equation, P5¼ es/(1þ es), where e is 2.72 and s is the regression score. Filling in this equation for a female with a
lower limb amputation who is now two years after amputation, results in the following chance rate:
P¼ e((2.0850)þ(1.9531)þ(0.6452)þ2.808)/(1þ e((2.0850)þ(1.9531)þ(0.6452)þ2.808))¼ e0.435/(1þe0.435)¼0.647/
(1þ 0.647)¼ 0.39.
Filling in this equation for a female with a upper limb amputation who is now six months after amputation, results in the
following chance rate:
P¼ e((2.0850)þ(1.9530)þ(0.6450.5)þ2.808)/(1þ e((2.0850)þ(1.9530)þ(0.6450.5)þ2.808))¼ e2.486/(1þ e2.486)¼ 12.0/
(1þ 12.0)¼ 0.92.
Phantom pain (PLP) vs sex - all amputees





































Figure 2 Proportions – with error bars – of reported phantom pain over time, categorized by sex.
450 JC Bosmans et al.
 at HanzeMediatheek / Hanze Media Centre on December 8, 2016cre.sagepub.comDownloaded from 
session (within the first six months and 2–3 years
after amputation) remained consistent (63%).27
Few longitudinal studies on lower limb ampu-
tees assessed changes in prevalence rates of phan-
tom pain over time. Jensen found a prevalence rate
of 72% at eight days, 65% at six months and 59%
at 2 years, while Nikolajsen found a rate of 68% at
three months and of 73% at six months and it is
said that the prevalence rate remains relatively
constant over five years.10,12 Our findings, how-
ever, show that lower limb amputees have lower
prevalence rates of phantom pain compared to the
aforementioned studies (32% at six months, 26%
at 1½ years, 23% at 2½ years and 27% at 3½
years, respectively).
A reason that our findings in prevalence rates
differ from other studies may be the difference in
cut-off points for phantom pain. In our study
phantom pain was dichotomized as ‘present’ in
cases where an amputee suffered from phantom
pain a few times a day or more frequently, and
as ‘absent’ in cases where phantom pain was expe-
rienced a few times a week or less frequently. Our
assumption is that when patients were asked to fill
in the questionnaire they remembered daily phan-
tom pain better than those who suffered from
phantom pain less frequently. So it was decided
to choose the aforementioned cut-off points for
phantom pain.9 For prosthesis use to have a rela-
tionship with phantom pain we considered that the
prosthesis should be used a substantial amount of
time per day. Therefore, our cut-off point for pros-
thetic use was chosen as 4 hours per day.
Similarly, for walking to have a relationship
with phantom pain we considered that this activity
should be performed a substantial amount of time
per day. Therefore, our cut off-point for walking
was 500m. In addition, we considered that a
walking distance of at least 500m was needed to
function independently indoors as well as out-
doors (ability to walk from the parked car to a
shop, to visit shops in the neighbourhood, recre-
ational possibilities).19
Furthermore, a difference in prevalence rates
of phantom pain between lower limb and upper
limb amputees was found in our study, the upper
limb amputees having much higher prevalence
rates (50–78% in the course of time). It must
be remembered that our sample of upper limb
amputees is small, reflected in the wide 95%
confidence intervals. Despite the small number of
upper limb amputees we found an upper limb
amputation to be a significant factor associated
with phantom pain. Our prevalence rates of phan-
tom pain for upper limb amputees are higher than
found by other researchers.3,27
To explain phantom pain, several theories
focusing on the peripheral and central nervous
system have been developed.28–31 Insights into
brain plasticity and functional magnetic resonance
imaging (fMRI) suggest that phantom pain is a
phenomenon related to cortical changes in the
brain. At present, it is unknown whether the cor-
tical reorganization is restricted to the hand and
arm areas of the motor cortex or whether such
reorganization may also be observed in the leg
area of the motor cortex. It seems biologically rea-
sonable to assume that a similar reorganization
may occur in upper limb as well as in lower limb
amputees. However, considering the much larger
map of the hand and arm on the motor cortex
(homunculus), it also seems reasonable to expect
that the reorganization after an upper limb ampu-
tation will be much more pronounced than after a
lower limb amputation. The influence of time on
cortical reorganization, and so on phantom pain,
is not known. Our findings show that, as the time
since amputation elapsed, amputees reported
phantom pain occurring less often.
As briefly stated in the introduction, the cause–
effect relationship between the experience of phan-
tom pain and prosthetic use remains controversial
and it is not clear how these two phenomena influ-
ence each other. Until now, only one prospective
study on upper limb amputees has been performed
in which patients were asked after their prosthesis
use and after phantom pain as well as phantom
limb sensations, phantom limb awareness and
stump pain.27 In that study it was found that not
phantom pain but phantom limb awareness may
be influenced by the frequent use of a functional
prosthesis. The study population, however, was
small (n¼ 11).27 In our study, the relationship
between phantom pain and prosthetic use was
analysed and no association between phantom
pain and prosthetic use was found.
The strength of our study is its prospective char-
acter, and that it has been performed on a substan-
tial sample (n¼ 85) with a follow-up to a
maximum of 3½ years. In other prospective
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studies the samples ranged from 2117 to 5810
patients and the drop-out rate ranged from 8%16
to 43%.32 In addition, only one study10 had a
follow-up of two years with a drop-out rate of
41% of the original 58 patients, while in the
other studies the follow-up did not exceed one
year.12,15–18
A limitation of this study is the selection bias
through exclusion and drop-out within six months
after amputation. The excluded and dropped-out
patients were significantly older and underwent an
amputation because of peripheral vascular disease
more often than the included amputees. The phan-
tom pain frequency of the excluded and
dropped-out amputees who are still alive is
unknown. The length of the follow-up was not
the same for all patients; some patients dropped
out from the study or died; for other patients the
follow-up was limited to six months, 1½ or 2½
years because the study ended due to limited finan-
cial resources. In future, more prospective studies
on upper limb and lower limb amputees are
needed to examine the relationship between phan-
tom pain and the different risk factors. Another
limitation of this study is that the GQPLA and the
GQPAA, the only available questionnaires in
Dutch assessing phantom pain, have not been
not tested for reliability and validity. More
research is needed to test the (Dutch) question-
naires for reliability and validity.
In conclusion, the results of our prospective
study show that protective factors for phantom
pain are: being male, having a lower limb ampu-
tation and the time elapsed since amputation.
Clinical messages
 More women than men experience phantom
pain.
 More upper limb than lower limb amputees
experience phantom pain.
 Phantom pain decreases over time.
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